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Engineering  Research  Laboratory  (USACERL).  Donald  K.  Hicks  was  Principal  Investigator  and  Glenn 
A.  Rasmussen  was  Associate  Investigator.  Dr.  Michael  O’Connor  is  the  Chief  of  FS.  The  USACERL 
technical  editor  was  Gordon  L.  Cohen,  Information  Management  Office. 
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REMOTE  CONDITION  SENSING  AND  ANALYSIS  OF  ARMY  FACILITIES: 
SYSTEM  DESIGN,  CREATION,  AND  IMPLEMENTATION 


1  INTRODUCTION 


Background 

U.S.  Army  installation  Directorate  of  Engineering  and  Housing  (DEH)  building  managers  have  long 
known  that  the  repair  of  moisture-related  damage  is  a  major  expenditure  in  work  hours  and  dollars  because 
most  of  these  repairs  are  of  an  unscheduled  nature  demanding  immediate  attention.  These  repairs  disrupt 
normal  work  schedules  and  decrease  DEH  maintenance  efficiency  in  other  areas. 

According  to  the  American  Society  of  Testing  Materials  (ASTM),  “except  for  stmctural  errors,  about 
90  percent  of  all  building  constmction  problems  are  associated  with  water  in  some  way.”'  Researchers 
at  the  University  of  Illinois  Small  Homes  Council/Building  Research  Council  surveyed  over  600  residences 
in  Champaign  County,  Illinois,  and  found  that  5.4  percent  of  the  stmctures  had  major  moisture  damage 
and  another  35  percent  suffered  damage  ranging  from  minor  to  moderate.'^  This  damage  was  in  the  form 
of: 

1.  Decrease  of  thermal  resistance  through  wet  insulation 

2.  Corrosion  of  metal 

3.  Decay  of  wood  and  wood  products 

4.  Undesirable  expansion  of  building  materials 

5.  Growth  of  fungus  ot  mold 

6.  Leaching  of  salts  from  brick  or  masonry 

7.  Short  circuits  in  electrical  wiring 

8.  Paint  failure 

9.  Discoloration  of  building  material 

10.  Infestation  by  woodboring  insects  when  the  fiber  saturation  point  (30  percent  of  the  wood’s  dry 
weight)  is  reached. 


'  M.  Lieff  and  H.  R.  Trcchsel,  eds..  Moisture  Migration  in  Buildings  (ASTM  779,  Baltimore,  MD,  1982),  p  1. 

^  W.  B,  Rose,  "Moisture  Damage  to  Homes  in  Cnampaign  County,  Illinois,"  Condensation  and  Related  Moisture  Problems  in 
the  Home  (American  Association  of  Housing  Educators  and  Small  Council  -  Building  Research  Council,  University  of  Illinois, 
Urbana-Champaign,  IL,  1988),  p  74. 
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Numerous  work  hours  are  lost  each  year  because  of  indoor  environmental  factors  that  adverscl> 
affect  the  work  and  living  environment.  Moisture  damage  can  promote  indoor  pollutants  (e.g.,  mold, 
mildew)  that  can  threaten  the  health  of  a  building’s  occupants.  It  can  also  corrode  containers  or  equipment 
containing  hazardous  materials  (e.g.,  refrigeration  lines),  increasing  the  danger  of  indoor  release  of  such 
materials.  The  Army  is  increasingly  concerned  with  indoor  environmental  hazards  that  reduce  personnel 
performance  and  jeopardize  employee  welfare. 

The  U.S.  Army  Construction  Engineering  Research  Laboratory  (USACERL)  has  been  tasked  with 
the  research  and  development  of  a  state-of-the-art  condition  sensing  system  that  would  enable  a  DEH 
manager  to  efficiently  recognize  building  damage  and  hazards  to  health  and  safety.  Remote  sensing 
technology  has  in  recent  years  been  used  in  an  increasingly  wide  variety  of  innovative  applications  (e.g., 
infrared,  side-looking  radar,  high-r^solution  satellite  photography).’  This  technology  is  a  logical  choice 
for  investigation  in  this  effort  to  support  the  Army’s  continuing  goals  of  improving  efficiency  and 
preserving  assets. 

The  development  of  a  condition  analysis  system — an  expert  system  capable  of  diagnosing  building 
problems  based  on  sensor  input,  and  reporting  those  problems  to  the  proper  authority  when  repair  is  most 
cost-efficient  and  least  disruptive  to  normal  routine — is  intended  to  be  a  major  end  product  of  this 
research.  This  study  is  a  first  step  toward  that  end.  Should  a  condition  analysis  system  ultimately  be 
determined  feasible,  integration  with  other  building  intelligence  systems  currently  in  use  (e.g..  Energy 
Control  Monitoring  System  [ECMS])  would  be  a  further  goal.  The  combined  systems  could  then  be  built 
into  new  buildings  during  coPotruction  at  a  relatively  small  increase  in  the  total  cost  of  construction. 


Objectives 

The  objective  of  this  phase  of  research  is  to  design,  create,  and  implement  a  prototype  remote 
condition  sensing  and  analysis  system.  Issues  to  be  addressed  include  testing  methodology,  site  selection, 
equipment  selection,  and  data  collection,  transfer,  and  evaluation.  Objectives  of  the  overall  research  are 
to: 


1.  Determine  the  factors  involved  in  causing  moisture-related  building  damage,  and  identify 
additional  factors  that  may  adversely  affect  the  ability  of  building  occupants  to  perform  their  missions 

2.  Quantify  the  feasibility  of  using  leading-edge  technology  for  remotely  monitoring  building 
areas  not  subject  to  routine  scheduled  visual  inspections  (e.g.,  attics,  crawlspaccs,  interstitial  spaces)  for 
moisture,  moisture-related  damage,  and  conditions  threatening  health  and  safely 

3.  Process  the  data  into  a  model  that  will  accurately  predict  the  need  for  corrective  action. 


Approach 

Data  are  being  collected  from  sen.sors  installed  in  a  building  known  to  be  suffering  from  moisture- 
related  damage.  The  building  is  located  in  a  temperate  climatic  zone  with  temperatures  ranging  from 


’R.  Tucker,  "Improving  Productivity,"  The  Military  Engineer,  Vol  80,  No.  524  (September/October  1988),  p  512. 
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below  0°F  in  winter  to  above  100  "F’  in  summer  and  moderate  annual  levels  of  moisture  from  rain  and 
snow.  Appropriate  sensors  with  the  ability  to  monitor  foi  hazardous  crvironmental  conditions  are  being 
investigated  and  evaluated  for  inclusion  in  this  study. 


Scope 


The  overall  study  focuses  on  analyzing  factors  affecting  moisture  levels  and  moisture  damage  in  one 
Army  building.  The  determination  of  potential  health  and  safety  factors  influencing  personnel  performance 
will  also  be  addressed.  Secondary  investigation  will  examine  current  sensing  technology  and  data  transfer 
techniques.  This  phase  of  the  study  does  not  address  moisture  control,  methods  for  the  repair  of  moisture 
damage,  or  health  arid  safety  standards. 


Mode  of  Technology  Transfer 

The  findings  of  this  study  will  impact  the  Corps  of  Engineers  Guide  Specifications,  Military 
Construction  and  Repair  and  Preventive  Maintenance  Activities  as  cited  in  AR  420-22  and  related 
technical  manu.'^ls  (TM  5-600  .series).  Technology  transfer  will  occur  through  technical  reports  and  system 
demonstrations  at  selected  Army  installations. 


*u 


S.  Stiindvd  units  of  measure  arc  used  throughout  this  report. 


A  nictrie  conversion  table  can  be  found  on  p  2.''. 
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2  TESTING  METHODOLOGY 


Overview 

Sensor  technology  has  been  advancing  and  sensors  have  become  available  at  a  reasonable  cost.  The 
combination  of  leading-edge  sensor  technology  and  state-of-the-art  microprocessor  technology  creates  the 
possibility  of  a  cost-effective,  “intelligent”  building. 

Environmental  deterioration  and  resource  conservation  have  created  a  national  awareness  which  has 
led  to  building  designs  where  energy  conservation  is  of  highest  priority.  As  a  result,  newly  constructed 
buildings  are  significantly  more  resistant  to  air  infiltration.  New  and  different  moisture  problems  are 
appearing,  and  they  need  to  be  inve.stigatcd  and  resolved.  As  building  envelope  technology  advances,  the 
occurrence  of  moisture  problems  and  related  damage  increases  proponionally.  The  dynamics  of  moisture 
generation  and  transfer,  and  the  problems  they  cause  in  buildings  arc  just  beginning  to  be  identified  and 
understood. 


Testing 


One  task  of  this  study  is  to  sense  the  amount  of  moisture  present  in  the  form  of  vapor,  condensation, 
liquid,  or  ice  that  is  damaging  building  components.  A  condition  or  situation  that  is  capable  of  causing 
a  response  in  a  sensor  and  can  be  observed  and  captured  for  analysis  is  defined  as  “scnsorablc”  for  the 
purpose  of  this  test.  By  using  remote  sensors,  data  will  be  collected  from  a  single  building,  as  Figure  1 
illustrates  This  data,  collected  over  the  period  of  the  test,  will  provide  informalioii  necessary  to  evaluate 
the  actual  state  of  sensor  techriology  and  its  application  to  condition  diagnosis  in  current  and  future  Army 
buildings. 


1 


r 


Figure  1.  Diagram  of  system  concept. 
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3  SITE  SELECTION 


Site  Criteria 

The  site  selection  process  addressed  the  factors  of  building  composition,  climatic  conditions 
throughout  the  year,  and  evidence  of  moisture  damage. 


Building  Type 

A  test  building  ideal  to  illustrate  worst  possible  conditions  and  greatest  susceptibility  to  damage 
would  be  of  wood  frame  construction  with  a  clay  brick  veneer.  The  substructure  would  be  of  either 
poured-in-place  concrete  or  masonry.  A  basement  area,  crawlspace,  or  combination  of  the  two  would  be 
present  w’ithin  the  structure.  Also,  a  pitchi.  ’  roof  with  an  intact  envelope  system  that  creates  an  attic  space 
is  considered  ncce.ssary  for  the  test.  A  mechan'  .al  area  that  supplies  heating,  cooling,  and  hot  and  cold 
water,  as  well  as  waste  evacuation  systems,  should  be  located  within  the  exterior  walls.  Interstitial  spaces 
should  be  present  in  some  form.  Insulation  should  maintain  normal  occupational  temperatures  in  work 
or  living  areas  without  excess  energy  expenditures.  It  is  assumed  that  personnel  would  occupy  the 
building  almost  daily,  depending  on  its  usage. 


Climatic  Conditions 

The  building  chosen  should  be  located  in  the  North  Temperate  Zone  (between  the  Tropic  of  Cancer 
and  the  Arctic  Circle)  where  the  climatic  conditions  would  best  illustrate  the  maximum  and  minimum 
weather  potential.  More  specifically,  the  site  should  be  within  the  mid-latitude  humid  region  of  the  zone, 
which  experiences  a  full  range  of  seasonal  weather  conditions,  including  hot  summers,  cold  winters,  and 
substantial  precipitation  throughout  the  year  (Figure  2). 


Evidence  of  Moisture  Damage 

The  building  chosen  to  develop  a  model  for  damage  prediction  should  have  visible  signs  of 
moisture -related  damage  The  presence  of  damage  is  more  significant  than  Oic  type  of  damage,  if  the 
building  chosen  does  not  develop  moisture  damage  after  a  long  time,  the  collection  of  relevant  data  will 
be  unnecessanly  delayed.  Monitoring  existing  damage  allows  tracking  and  evaluating  long-term  trend^'. 
'I'racking  imloor  and  outdoor  temperature  and  humidity  is  also  desirable;  such  data  will  er.'vance  the 
ueicrnimaiion  of  cause-and-cffect  relationships. 

Ceneral  Location 

Initially,  four  IJ  .S.  Army  installations  located  within  the  preferred  climatic  region  were  considered 
for  testing  (Figure  3); 

1,  Fort  Riley,  KS 

2.  Rock  Island  Arsenal,  IL 
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3.  Fort  Knox,  KY 


4.  Fort  Benjamin  Harrison,  IN. 

Fort  Rilev  was  not  selected  because  it  is  too  close  to  the  western  edge  of  the  mid-latitude  humid 
region,  which  would  require  an  extended  period  of  data  collection  if  weather  conditions  atypical  of  the 
humid  zone  (such  as  the  1988-89  drought)  were  to  develop.  Rock  Island  Arsenal  was  not  selected  because 
it  is  too  close  to  the  Mississippi  Rivei ,  where  the  higher  humidity  levels  generated  by  the  river  could  not 
be  considered  average  for  the  targeted  region.  Fort  Knox  was  eliminated  because  the  cold  winter 
conditions  desirable  for  the  test  site  were  too  short  to  establish  a  tra  ‘kable  cycle.  Fort  Benjamin  Harrison 
was  determined  the  best  site  because  of  its  central  location  (39.43  degrees  north  laidude,  86.09  degrees 
west  longitude)  in  the  North  Temperate  Zone  and  the  mid-latitude  humir.  region.  Th'  compiled  weather 
data,  shown  in  Table  1,  confirmed  this  choice. 


a.  The  mid-latitude 

humid  region  (darkest  area). 


b.  Desired  typical  yearly 

temper ilure  ranges  for  s'udy  site. 


_  Humid  mid'latitude 
•F-  i  Chtcago.  United  States 

r-  r  -  r  Tn-  ; 


ItXl! - 


Representative  Climate  Conditions 

•  Mean  annual  high  icmperallurc  frequency 
(a'»ve  90'’F) — 2H  ilay.'i 

•  Mean  annual  cooling  ciegrec-days  (above  b.S°F) — //fW 

•  Mean  annua)  healing  degree -days  (below  6.S°F) — S.Sdd 

•  Mean  annual  hours  of  sunshine — 26S0 

•  Mean  annual  precipilalion — 40  in. 


Figur  e  2.  Basic  climatic  conditions  sought  for  study  site,  (Source;  The  New  International  Atlas 
(©Rand  McNally  &  Co.,  Ctiicago/Ncw  York/San  Francisco,  198()|.  pp  314,  31.5;  and  The 
National  Atlas  of  the  U:dtcd  States  of  America  [US.  Department  of  lire  Interior  Geological 
Survey,  1970].  pp  96.  97,  108,  109.) 
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Figure  3.  Candidate  installations  in  mid-latitude  humid  region. 

Building  Choice 

Fort  Benjamin  Harrison  was  visited  on  1  July  1988  to  find  a  building  suitable  for  the  test.  Table 
2  lists  the  eight  buildings  visited  on  that  date.  These  buildings  were  among  iliose  that  the  Directorate  of 
Installation  Support  identified  as  having  some  form  of  moisture  problems.  The  physical  .structure  and 
moisture  condition  of  each  building  were  examined. 

Building  17,  the  Post  Exchange  clothing  issue  point  (Figures  4  and  5),  was  chosen  as  the  test  site. 
.Although  it  is  not  of  wood  frame  with  clay  brick  voncer.  Building  17  fits  the  ideal-building  profile  in  all 
other  respects.  It  is  a  1-1/2  story  structure  with  exterior  walls  and  substructure  of  masonry  construction 
and  interior  framing  provided  by  structural  wood  components.  A  ma.sonry  fire  wall  of  clay  brick  bi.sccLs 
the  building  on  all  floors.  Fire  doors  arc  in  the  basement  and  on  the  second  floor. 
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Weather  Conditions  at  Fort  Benjamin  Harrison 
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9  to  10  in.  of  fallen  snow  equal  I  in.  of  rainfall  (depending  on  the  moisture  content  of  the  snow),  based  on  National  Wcatlicr  Service  data. 
'Source:  James  A.  Ruffner  and  Frank  E.  Blair,  eds..  The  Weather  Almanac  (Gale  Research  Co.,  Dcuoit,  1981)  pp  469  470. 

Source;  National  Weather  SerN'icc. 


Candidate  Buildings  at  Fort  Benjamin  Harrison 
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Figure  5,  Building  17,  south  rear  view. 
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The  building  has  a  full  basement  (Figure  6)  and  small  adjacent  crawlspaces  below  the  loading  dock 
and  latrines  on  the  first  floor.  A  mechanical  area  (Figure  7)  is  in  the  west  end  of  the  basement.  The 
remaining  basement  area  is  used  for  storage,  clothing  alterations  (Figure  8),  and  fitting  rooms  (Figure  9). 
A  door  at  the  east  end  of  the  building  gives  direct  access  to  the  basement  fitting  and  alterations  area.  The 
first  floor  (Figure  10)  is  divided  into  three  areas:  retail  sales,  administration,  and  clothing  alterations. 
Stairs  and  sloped  merchandise  conveyors  (Figures  1 1  and  12)  connect  the  first  floor  to  :  ba.semcnt  and 
second  floor  (Figure  13). 

The  second  floor  is  attic  space  used  for  merchandise  storage  and  occupied  only  intermittently  (Figure 
14).  Two  hot-water  space  heaters  are  suspended  from  roof  trusses  about  10  ft  from  each  side  of  tlte  fire 
wall  on  the  .second  floor.  Insulation  has  been  applied  to  the  roof  sheathing  over  the  length  of  the  building. 
No  vapor  barrier  is  present,  however,  and  the  in.sulation  shows  evidence  of  ruptures  in  the  containment 
envelope  in  a  number  of  locations. 

■A.  variety  of  moisture-related  damage,  in  the  form  of  mildew,  was  found  above  the  baseboards  on 
the  gypsum  board  in  the  basement  (Figure  15).  Evidence  of  wetting  and  drying  cycles  was  found  on  the 
floor  joists  of  the  first  floor  (Figures  16  and  17),  as  was  evidence  of  the  start  of  wet  rot  in  the  latrines’ 
interstitial  spaces  (Figure  18). 


Figure  6.  Building  17,  basement  floor  plan. 
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Figure  9.  Building  17,  basement  fitting  area,  south, 


DATALOGGER 

MULTlPLfXER 


J  aom^njstration 


ALTERATIONS 


WOMEN 


Figure  10.  Building  17,  first-floor  plan 


17,  attic  merchandise  conveyor,  looking  down. 


Figure  13.  Building  17,  second-floor  (attic)  plan. 


Figure  14.  Building  17,  attic  merchandise  storage,  looking  west. 
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Figure  17.  Moisture  damage  (wet/dry  cycle)  to  floor  joists,  first  floor. 


4  DATA  COLLECTION  AND  TRANSFER 


Equipment  Requirements 

The  first  equipment  requirement  for  this  study  is  a  digital  data-collection  device  to  collect  and  store 
large  quantities  of  data,  over  an  extended  period,  from  an  array  of  sensors  placed  in  remote  locations  in 
a  building.  For  processing  and  evaluation  the  data  collected  must  be  in  a  format  appropriate  for 
downloading  to  an  IBM  DOS‘-compatible  microcomputer.  The  second  equipment  requirement  is  that 
sensors  chosen  must  be  capable  of  delivering  readable,  unaltered  signals  directly  to  the  collection  device. 
The  third  requirement  is  that  the  equipment  chosen  must  be  capable  of  using  battei>  power  in  case  the 
test  site  has  no  power  source  readily  available  or  power  outages  occur. 


Equipment  Selection  Process 

To  avoid  duplicating  efforts,  researchers  in  other  divisions  at  USACERL  who  were  working  on 
studies  involving  data-collection  techniques  were  contacted  for  their  comments  on  the  equipment 
requirements.  F.oui  these  conversations  the  researchers  compiled  a  list  rf  manufacturers  known  to 
produce  equipment  that  might  be  applicable.  1  '  manufacturers  were  contacted  and  documentation  wes 
collected.  The  equipment  under  consideration  was  evaluated  using  the  equipment  requirements  previously 
identified.  When  possible,  current  users  of  the  equipment  were  contacted  for  their  commenLs  on  the 
potential  choices.  Based  on  all  of  this  information,  the  researchers  procured  the  hardware  described  in 
the  following  paragraphs. 


Datalogger  and  Multiplexer 

A  Campbell  Scientific  21X  Micrologger  is  being  used  for  sensor  control,  data  collection,  and  data 
storage  on  site.  It  is  a  programmable  datalogger  capable  of  accurately  converting  analog  sen.sor  signals 
to  appropriate  digital  values,  processing  the  measured  values  over  a  given  period,  and  storing  the  values 
in  memory.  The  21 X  has  48K  of  memory  for  program  and  data  storage,  and  it  can  be  downloaded  or 
reprogrammed  via  telephone  using  a  modem.  The  21 X  has  a  wide  application  range  making  it  ideal  for 
this  application.  In  a  normal  configuration  the  21 X  is  capable  of  controlling  eight  sensors. 

An  AM-32  Multiplexer  from  Campbell  Scientific  is  being  used  for  sensor  switching  and  control. 
Up  to  32  sensor  inputs  can  be  multiplexed  into  the  21X  using  this  piece  of  equipment.  The  AM-32  is 
capable  of  handling  a  wide  range  of  sensor  types.  As  each  sensor  is  activated,  the  value  is  processed,  and 
the  result  is  placed  in  memory.  By  using  two  AM-32s,  a  single  21 X  is  capable  of  sensing  64  separate 
locations. 


"Disk  Operating  System. 
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Wetness  Sensor 


The  Leaf  Wetness  Sensor  Model  237  from  Campbell  Sc'''ntific  was  chosen  to  determine  surface 
wetness.  It  is  a  three-wire  resistance  sensor.  This  type  of  sensor  reads  the  voltage  dropped  across  the 
wetness  sensor  surface — a  variable  resistor  comprising  a  circuit  board  of  interlacing  fingers  of  gold-plated 
copper — and  stores  that  value  in  a  datalogger.  As  a  surface  goes  from  dry  to  wet,  the  resistance  changes 
from  a  high  of  3.000,000  ohms  to  a  low  of  less  than  l(XX)  ohms.  As  surface  wetness  increases,  the 
voltage  read  across  the  resistor  changes  inversely  from  low  to  high,  based  on  the  original  source  voltage. 


Temperaturc/Humidity  Sensor 

Sen.  ing  for  temperature  and  relative  humidity  will  be  accomplished  with  a  Model  HXf  '  ''-  o-wire 
transmitter  from  Omega  Engineering.  It  can  read  temperature  .ind  humidity  simultaneously.  A  calibration 
unit.  .Model  11X91 -CAL,  will  be  used  binontlily  to  maintain  sensor  accuracy.  Tlie  .schedule  "  ill  be 
adjusted  if  more  frequent  recalibration  is  found  necessary.  'Fhc  data  collected  during  any  period  when 
sensor  accuracy  is  suspect  will  be  analyzed  separately. 


E(|iiipment  C.’onfiguration 

The  2  i  .X  datalogger  uses  a  six-wire  connection  to  the  AM-32  multiplexer  and  a  ICXX)  ohm  5  percent 
resistor.  Figure  19  illustrates  the  connections.  This  configuration  is  used  to  take  an  AC  half-bridge 
’  oltagc  reading  frtmi  the  wetness  .sensor.  Channels  1-28  of  the  multiplex,  w  ill  be  dedicated  to  ,hc  wetness 
sensors,  with  the  remaining  four  channels  reserved  for  the  HX-91  temperature/humidity  sensors.  These 
sensors  w  ill  be  read  in  the  same  way  as  the  wctnc.ss  sensors,  but  their  data  will  be  processed  by  a  different 
instruction  set. 
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5  DATA  EVALUATION 


Data  Values 

The  analog  values  returned  by  the  sensors  to  the  datalogger  are  initially  processed  to  yield  digital 
values  between  zero  (completely  dry)  and  one  hundred  (completely  wet).  At  20-second  intervals  each 
sensor  is  read  in  turn,  and  the  value  read  is  stored  in  temporary  memory  in  the  datalogger.  After  15 
repetitions,  or  5  minutes,  the  values  for  each  individual  sensor  are  averaged.  The  averaged  values  are 
placed  in  a  dedicated  segment  of  memory  for  later  downloading.  This  processing  routine  is  used  because 
most  cases  of  moisture  damage  occur  over  an  extended  period.  Therefore,  the  event  need  not  be  tracked 
at  greater  frequency.  However,  the  collection  and  processing  time  schedule  can  always  be  revised  if  more 
or  less  frequent  sampling  appears  nece.ssary.  All  values  are  stored  in  ASCII  format. 


Initial  Analysis 

A  spreadsheet  program  such  as  Lotus  1-2-3  will  check  each  downloaded  data  file  for  errors.  Files 
with  values  outside  the  0 — 1(X)  range  by  more  than  1  will  be  flagged  for  more  rigorous  error  checking. 
If  two  consecutive  raw  data  files  are  found  to  have  errors,  the  hardware  will  be  checked  under  the 
assumption  that  some  unwanted  variation  in  sensor  performance  may  be  occurring.  If  the  hardware  is 
found  faulty,  the  offset  and  multiplier  in  the  processing  instructions  will  be  adjusted  to  correct  for  the 
error.  Individual  pieces  of  hardware  will  be  replaced  in  cases  of  rapid  deterioration  or  failure. 

Error-checked  data  files  will  be  processed  with  MathCad  to  plot  and  analyze  trends  using  30-day 
cycles.  These  30-day  evaluations  will  be  re-evaluated  quarterly  for  longer-term  trends  that  may  not  be 
evident  in  the  shorter  time  frame.  At  the  end  of  the  third  quarter  of  data  collection  and  analysis, 
preliminary  predictive  evaluations  will  be  initiated  to  start  the  feasibility  evaluation  of  the  overall  system. 
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6  SUMMARY 


This  interim  report  describes  the  testing  methodology,  site  selection,  equipment  selection,  procedures 
for  data  collection  and  transfer,  and  approach  to  data  evaluation  for  the  testing  of  a  sensing  system  for 
remote  detection  and  analysis  of  moisture-related  damage  to  a  test  structure  at  Fort  Benjamin  Harrison, 
IN.  The  conclusions  and  recommendations  resulting  from  the  findings  and  analysis  of  the  data  to  be 
collected  will  be  part  of  the  technical  report  published  after  the  completed  test. 

The  final  technical  report  will  be  prepared  and  published  at  the  conclusion  of  the  data  collection 
period.  The  report  will  analyze  data  collected  for  cyclical  changes  and  variations,  extremes,  medians, 
trends,  and  other  patterns  that  may  relate  to  the  overall  physical  condition  of  the  building.  The  final 
documentation  of  the  study  will  include  an  evaluation  and  analysis  of  current  technology  available  to  sense 
building  conditions  of  interest,  collect  and  store  data,  and  transmit  that  data  to  a  remote  location  for  further 
processing.  Specifically,  the  final  report  will; 

1 .  Evaluate  current  technology  available  to  sense  building  conditions  and  collect  and  transmit  data 

2.  Determine  what  types  of  data  can  be  collected,  and  the  best  mechanism  through  which  they 

can  be  collected 

3.  Determine  what  information  can  be  derived  from  data  collected 

4.  Determine  threshold  values  to  identify  deteriorating  building  conditions  that  may  require 

corrective  action 

5.  Design  algorithms  to  schedule  maintenance  and  repair  and  inspections 

6.  Make  recommendations  for  potential  use,  based  both  on  the  cost-effectiveness  of  the  system 
for  nev'  construction  and  as  a  retrofit  application  to  existing  structures 

7.  Identify  applications  of  this  technology  to  other  areas  of  the  Army,  such  as  quality  assurance 
evaluators  of  commercial  activities  in  DEH  operations. 


METRIC  CONVERSION  TABLE 


1  in.  -  25.4  mm 
1  ft  =  0.305  m 
“F  =  (”C  +  17.78)  X  1.8 
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NARADCOM,  ATTN;  DRDNA-F  01760 

TARCOM.  Fee.  Div.  48090 

TRADOC  (19) 

HQ.  TRADOC.  ATm.-  ATEN-DEH  23651 
ATTN;  DEH 

TSARCOM,  ATTN;  STSAS-P  63120 
USAIS 

Fort  Ritchie  21719 
Fort  Huecl&tce  85613 
ATTN;  Fecilities  Engineer  (3) 

WF^TCOM 

PortShefter  96858 
ATTN.  DL!I 
ATTN:  APEN-A 

SHAPE  09055 

ATTN:  Survivsbiliiy  Sect.  CCB-OPS 
ATTN:  Infreitnictuie  Brsnch,  LANDA 


AMMRC  02172 

ATTN:  DRXMR-AF 
ATTN:  DRXMR-WE 

Norton  AFB,  CA  92409 

ATTN;  APRCE-MX/DE 

TyndeU  AFB.  PL  32403 

AFESeVEnginecring  A  Service  Leh 

NAVFAC 

ATTN:  Div'^'Ts  Ouiocf  (11) 

*-TTN:  rscilitics  Engr  Cmd  (9) 

ATTN:  Nevil  Public  Works  Center  (9) 
ATTN;  Neval  Civil  Engr  Lab  930*3  (3) 
ATTN:  Neval  Censtr  Battalicn  Ctr  93043 

Engoeering  Societies  Library 
New  Ycrk,  NY  10017 

Natiortel  Guard  Bureau  20310 
Installation  Division 

US  Covcmmcni  Printing  Office  20401 
Receiving/Depository  Section  (2) 

American  Public  Works  Association  60637 

NetT  htstiniie  of  Stend^ds  A  Tech  20899 

Defense  Technical  Info.  Center  22304 
ATTN:  DTIC  FAB  (2) 
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USA  Japan  (USARJ) 

ATTN;  DEH-Okinews  96331 
ATTN:  DCSEN  96343 
ATTN:  HONSHU  96343 

Area  Engineer,  AEDC-Aree  Office 
Arnold  Air  Force  Steticn,  TN  37389 

416th  Engineer  Commend  60623 
ATTN:  Facilities  Engineer 


HQUSEUCOM  09128 
ATTN;  Ea4/7-IX)E 


Fort  Belvoir,  VA 

ATTN;  Aumalien  Liaison  Officer  22060 
ATTN:  Water  Resource  Center  22060 
ATTN:  Engr  Studies  Center  22060 
ATTN:  Fjigr  Topographic  Lab  22060 
ATTN:  AT7A  TF-  SW  22060 
ATTN:  CFXrC  R  22060 


US  Military  Academy  10996 
ATTN:  Facilities  Engineer 
ATTN:  Dept  of  Geography  * 
EnvactirneiiUii  Digr 
ATTN;  MAEN-A 


AMC  •  Dir.,  bist..  A  Sves. 
ATTN:  DEH  (23) 

DLA  ATTN:  DI>  W1  2230* 


nXTlL.  ATTN:  Library  03755 

CEWES.  ATTN:  Library  39180 

HQ,  XVni  Airborne  Owps  and 
Ft.  Bragg  28307 
ATTN:  AF'/A  DEH-KE 

Charjufc  AFB.  (L  61868 
3345  OiS/DH,  Stop  27 


